Objective: Appropriate reactivity to emotional facial expressions, even if these are seen whilst we are engaged in another activity, is critical for successful social interaction. Children with conduct problems (CP) and high levels of callous-unemotional (CU) traits are characterized by blunted reactivity to other people's emotions, while children with CP and low levels of CU traits can over-react to perceived emotional threat. No study to date has compared children with CP and high vs. low levels of CU traits to typically developing (TD) children or each other, using a task that assesses attentional capture by irrelevant emotional faces.
INTRODUCTION
Research suggests that children with conduct problems (CP) are a heterogeneous group that can be delineated based on high vs. low levels of callous-unemotional (CU) traits (Frick and Viding, 2009) . Children with CP and high levels of CU traits (CP/HCU) are more genetically vulnerable to develop CP, have more CP, show more severe levels of aggression, and have a poorer prognosis than children with CP who have low levels of CU traits (CP/LCU) (Viding et al., 2005; Frick and Viding, 2009 ). The current evidence base indicates that CP/HCU display impaired recognition of fearful (and in some cases sad) faces, vocal tones, and body poses, as well as reduced psychophysiological reactivity to distressing and threatening images (Blair, 1999; Blair et al., 2001 Blair et al., , 2005 Dadds et al., 2006; Fairchild et al., 2009; Munoz, 2009 ). In contrast, some studies have reported that children with CP/LCU incorrectly categorize neutral faces as being angry and make hostile attribution biases in vignette-based neutral stories (e.g., Cadesky et al., 2000; Frick et al., 2003; Dadds et al., 2006) . Apart from recognition of emotion, it is also important to consider whether CP also involves changes in attention to emotional information. In real life situations we tend to process emotional information alongside other stimuli and it is critical for successful social functioning to react to emotional cues, even if these occur when we are engaged in another activity. Although there is a growing body of research into emotion recognition and attribution in different subgroups of children with CP, very little research has focused on investigating attention to emotion in these children. Kimonis et al. (2006) used an emotional dot-probe task to examine the associations between aggression, psychopathic (including CU) traits and processing of emotional stimuli in a sample of community-based children. On each trial, children were presented briefly with pairs of images, one above and one below a central fixation cross. Immediately following the image display, a dot-probe (an asterisk) appeared in the previous location of one of the images. The children's task was to indicate whether the dot-probe was located in the top or bottom location. Four different types of image-pairs were used: neutral-neutral (e.g., books); neutral-threat (e.g., an attacking dog); neutraldistress (e.g., a crying child); and neutral-pleasant (e.g., a kitten). In dot-probe paradigms it is thought that a stimulus is preferentially attended to if RT to the dot-probe that replaces the stimulus is facilitated. Kimonis and colleagues found reduced RT facilitation to distress but not to other types of images in children who were high in both psychopathic traits and aggression compared to children with low psychopathic traits and low levels of aggression. A subsequent study by Kimonis and colleagues utilized the dot-probe paradigm with incarcerated youth (Kimonis et al., 2008) . Youth who were high on CU and had high levels of aggression were less facilitated by distress images than youth with low levels of CU and aggression; a pattern of findings that was similar to that found in their previous study of community children. A recent study by Sylvers et al. (2011) assessed time taken for emotional faces to break through to conscious awareness during a continuous flash suppression task. Elevated CU trait scores were associated with greater lag times for fearful, and, to a lesser extent, disgusted faces, to break through to conscious awareness relative to neutral faces. This effect was particularly pronounced in children who not only had CU traits, but also high levels of impulsive behavior. Finally, studies by Dadds and colleagues show that while fear recognition deficits can be normalized in children with high CU traits by directing them to focus on the eye-region of the face, under spontaneous viewing conditions these children do not focus on this region of the face as much as typically developing (TD) children do (Dadds et al., 2006 (Dadds et al., , 2008 . This suggests that the deficit, in the first place, is in spontaneous orienting to the critical emotional feature of the face. Collectively these behavioral studies evince that the level of CU traits is negatively associated with the degree to which negative emotional stimuli can orient attention or facilitate awareness in children with aggressive behavior. Two recent neuroimaging studies (White et al., 2012a,b) , comparing children with CP/HCU and TD children, support this conclusion. As is common in imaging investigations, the tasks were designed to minimize behavioral differences between groups and therefore the behavioral data from these studies cannot be readily interpreted. However, the imaging data suggest that emotional stimuli (perhaps in particular fear stimuli) are not associated with enhanced response in the dorsal frontoparietal attentional network (typically thought to be mediating attention orienting) for children with CP/HCU. White et al. (2012b) presented a neutral face at the display center. After 300 ms a probe ("x") appeared on one side of the face and the eyes on that face directed either toward the probe (congruent trials) or away from the probe (incongruent trials). Concurrent with the eye gaze shift, the expression either remained neutral or changed to angry or fearful expression. Congruency effects in the dorsal frontoparietal attention orienting network were only found when the eye gaze coincided with the change to a fearful expression and this emotion-dependent attention effect was not found for CP/HCU children, but instead was evident in TD children alone. In another study (White et al., 2012a) , the authors found that under low attentional load conditions (making easy judgments regarding line orientation), during which emotional information typically affects processing, children with CP/HCU showed reduced amygdala activation to fearful distractor faces compared with TD children. In other words, the region that is normally recruited for processing of salient, emotional information, showed atypically low activity in this group. However, both groups of children showed comparable activation in the topdown attentional systems (e.g., dorsomedial frontal cortex and right inferior frontal cortex) in response to high vs. low attentional load demands, suggestive of affective, rather than attention deficit in children with CP/HCU. Previous behavioral studies have primarily focused on measuring CU and related behaviors dimensionally and have not directly probed whether children with CP/HCU and CP/LCU differ from TD children, or-equally pertinently-from each other, in how readily different categories of facial emotional expressions capture their attention. As emotional faces are an important source of social information and children with CP (both with high and low levels of CU traits) often struggle with socially appropriate behavior, investigating the degree to which emotional faces are able to capture the attention of these different groups of children is pertinent. We have recently developed an emotional capture task designed to assess the extent to which emotional face expressions (in natural photographic images) can capture attention even when irrelevant to the task at hand (Hodsoll et al., 2011) . In this task participants have to search for a male face among two female faces and respond to its orientation (indicate whether it is tilted to the left or the right of vertical). On two-thirds of trials all of the faces are neutral in expression. In the remaining third of trials, either the target or one of the non-targets is emotional in expression (fearful, angry, or happy). Importantly, in this task the emotion expression is irrelevant to the orientation discrimination. One can thus determine whether the emotional content of the face can produce attentional capture even when people are focused on a different task (involving search and orientation discrimination).
Based on previous findings on facial emotion recognition and attention to emotional stimuli (e.g., Blair et al., 2001; Frick et al., 2003; Dadds et al., 2006; Hicks and Patrick, 2006; Kimonis et al., 2006 Kimonis et al., , 2008 Blair, 2013) , we predicted that children with CP/HCU would show less distraction by distressed (fearful) and possibly threatening (angry) non-target emotional faces, relative to a matched sample of TD comparison children. We predicted that children with CP/LCU would be distractable by emotional faces, possibly even to a larger degree than TD comparison children. Our paradigm also enabled us to study whether the task performance of children with CP/HCU and CP/LCU was disrupted when the irrelevant emotional stimuli was at the spatial focus of attention (i.e., when the target male face, the orientation of which the participants judge, displays an emotion). This was of particular interest with regard to children with CP/HCU, as some earlier work suggests that children and adults with antisocial behavior and CU traits fail to orient to salient, emotional stimuli when they are engaged in a task goal that does not direct them to process emotional stimuli or when they are presented with attentional cues that direct them away from emotional stimuli (Dadds et al., 2006; Baskin-Sommers et al., 2011) ; but that they may respond appropriately to emotional stimuli if they are explicitly directed to focus attention to such stimuli (or relevant features of such stimuli; e.g., Newman, 1998; Dadds et al., 2006; Baskin-Sommers et al., 2011) . Our task enables us to interrogate whether incidental focus of attention to emotional faces similarly reduces the atypical processing of emotions seen in children with CP/HCU. While some research has looked into processing of happy faces in children with CP, the results are mixed (e.g., Brook et al., 2013) . Because of this, no predictions regarding attention to happy faces were made. 
METHOD RECRUITMENT OF PARTICIPANTS
This study was approved by the UCL Ethics Committee. Participants for the CP groups were recruited from primary and secondary schools for children with Emotional and Behavioral Difficulties (EBDs) in the North, South and Midland regions of England. Participants for the age and IQ matched TD comparison group were recruited from similar geographical and socio-economic areas.
PARTICIPANTS
In total, 75 boys aged between 8 and 16 were recruited from EBD schools to take part in the study. Following screening of the questionnaire data, 32 of the boys (mean age 13.4, SD 2.7 were classified as having CP, as defined by a score of 4 or above on the CP scale of the Strengths and Difficulties Questionnaire (SDQ, Goodman, 1997; see below) . The CP group was further divided using a median split based on the responses to the Inventory of Callous-Unemotional Traits (ICU; Frick et al., 2003; see below) . Those with an ICU score above the total CP group median of 38 were allocated to the CP/HCU group, and those with a score below 38 were allocated to the CP/LCU group (see Table 1 ). Two children scored 38 on the ICU and both were randomly allocated to the CP/LCU. Sixty boys were screened from secondary schools in the same geographical area as the EBD schools. Of the screened boys, a group was selected that was age and IQ matched, but with a score of 3 or below on the CP scale of the SDQ (see Table 1 for details of means and SDs). Seventeen boys who met these criteria formed the TD group.
ASSESSMENT OF CONDUCT PROBLEMS: STRENGTHS AND DIFFICULTIES QUESTIONNAIRE (SDQ; Goodman, 1997) CONDUCT PROBLEM SCALE
This study used the teacher rated version of the SDQ CP Scale. Each boy's main class teacher (class teacher for primary schoolaged children and form tutor for secondary school-aged children) rated his behavior. Items on are rated from 1, "Not True," 2, "Somewhat True" to 3, "Certainly True." The SDQ has been extensively normed on a large-scale population of children (e.g., Goodman, 2001; Achenbach et al., 2008) . The score of 4 or above is considered "abnormal" and according to SDQ norms denotes the top 10% of children in the U.K. for CP.
ASSESSMENT OF CALLOUS-UNEMOTIONAL TRAITS: INVENTORY OF CALLOUS-UNEMOTIONAL TRAITS (ICU; Frick et al., 2003)
The ICU is a 24-item scale based on the six-item CU scale of the Anti-social Process Screening Device (APSD; Frick and JHare, 2001 ) that has been previously shown to delineate a distinct and important group of anti-social youths who show a number of characteristics associated with the construct of psychopathy (e.g., Kimonis et al., 2008) . Items are scored from 0, "Not true at all," 1, "Some what true," 2, "Very true" to 3, "Definitely true." As with the SDQ, each boy was rated by his main class teacher using the Teacher Rated Version of the ICU.
ASSESSMENT OF ATTENTION-DEFICIT HYPERACTIVITY (ADHD) SYMPTOMS: ADHD RATING SCALE-IV, SCHOOLS VERSION DuPaul et al., 1998a
CP are commonly associated with elevated levels of ADHD symptoms and we collected information about these symptoms to ascertain that any differences in attention to emotion in the two CP groups were not due to differing levels of ADHD symptoms in CP/HCU vs. CP/LCU children. The ADHD rating scale is an 18-item scale that has been shown to reliably assess ADHD symptoms in school-aged children (DuPaul et al., 1998b) . Its items are scored from 0, "Never or rarely," 1 "sometimes," 2, "often" and to 3, very often." The scale is made up of two different measures (an inattention measure and a hyperactivity measure) that combine to give an overall rating of ADHD symptoms. As with the other scales mentioned above, each boy was rated by his class teacher.
TEST OF GENERAL ABILITY
To give an estimate of general ability, the short-form of the Wechsler Abbreviated Scales of Intelligence (WASI; Wechsler, 1999) was used. This includes assessment of vocabulary and matrix reasoning. Verbal and performance IQ scores can be obtained from these two subtests; however Full-Scale IQ (FSIQ) scores were also calculated and reported in Table 1 .
STIMULI AND PROCEDURE
Boys were tested individually at school in a quiet, darkened room. The experiment was run on a HP Compaq nx9005 laptop with a 15-inch screen. Stimuli were presented and RTs recorded using E-Prime V.1.2 and a viewing distance of 60 cm was maintained with a chin-rest. Stimuli consisted of 12 gray-scale scale images of the faces of six different identities-three female and three male (See Figure 1) . Images were taken from the MacBrain Face Stimulus Set (Tottenham et al., 2009) . Each identity had an image showing a neutral, fearful angry and happy expression. Each of the faces subtended 2.1 cm (vertically) by 1.7 cm (horizontally). The faces were presented on a black background in a virtual triangle with the center of each image placed at 1.3 cm from the central fixation cross. There was a 0.5 cm gap between images. A central fixation point was presented for 500 ms FIGURE 1 | Example displays for neutral, emotional (fearful) non-target singleton and emotional (fearful) target singleton conditions. The location of each of the face identities and emotion conditions (emotional target, emotional distractor, or neutral) was randomly assigned to one of the three display positions on each trial. Equivalent displays were used for blocks with angry and happy faces as specified in the method section.
followed by the search displays, which were presented until response.
Participants were requested to search for the male target singleton 1 in a display with two female non-target faces and indicate by pressing the "1" key on the numerical keyboard, whether it was tilted 15 • to the left or the "2" key if it was titled 15 • to the right. Feedback for errors was given by a short tone. In each experimental block, two-thirds of trials contained an emotional face. Of these emotional face trials, one quarter of trials contained an emotional target face and the remaining trials contained an emotional non-target face.
Within each block, the type of trial (i.e., emotional face absent, emotional male target singleton present or emotional female distractor face present) was randomized. The location of the identities and the orientation of each stimulus were randomized across trials. The identities of the faces were randomized across trials, but the presentation was constrained so that none of the face identities would repeat on two successive trials. The location of each of the face identities and emotion conditions (emotional target, emotional distractor, or neutral) was randomly assigned to one of the three display positions on each trial. The type of emotion (fearful, angry, happy) was blocked and the block order was counterbalanced across participants. The three experimental blocks were preceded by a short practice block of 24 trials containing no emotional faces.
RESULTS

PARTICIPANT CHARACTERISTICS
Participant characteristics are shown in Table 1 . In order to assess the differences between the groups in terms of age, CP, CU traits ADHD symptoms and IQ, a series of One-Way ANOVAs with group as the between-subjects variable were carried out (all the reported comparisons used Bonferroni corrections). There were 1 Previous work has examined the effect of gender in this paradigm (see Hodsoll et al., 2011, Experiment 4) , and found that the gender of the target or distractor faces did not relate to attentional capture by emotional faces. The gender of the target was therefore kept consistently male in the current study.
no main effects of age [F (2, 48) = 0.003, p = 0.99]. The groups differed in terms of CP [F (2, 48) = 41.78, p < 0.001], with both CP/HCU and CP/LCU having more CP than the TD group (ps < 0.001), however, there was no difference in CP between CP/HCU and CP/LCU (p = 0.71). There was also a significant main effect of group on ICU scores [F (2, 48) = 88.08, p < 0.001], with CP/HCU having greater scores than both the CP/LCU group (p < 0.001) and the TD group (p < 0.001) and the CP/LCU group having greater scores than the TD group (p < 0.001). As expected, there was a significant main effect of group on ADHD symptom score [F (2, 48) = 25.15, p < 0.001]. Critically, while both CP/HCU and CP/LCU were significantly higher in ADHD symptoms than the TD comparison group (p < 0.001 for both), the CP/HCU and CP/LCU groups did not differ from each other (p = 0.99). This suggests that any group differences in attention to emotion observed between these two CP groups are not explained by group differences in ADHD symptoms. There was no main effect of group on IQ [F (2, 48) = 0.214, p = 0.81].
RT AND ERROR ANALYSIS
Trials with an error or trials with RTs above 2000 ms (0.5% of the total number of trials) were excluded from the RT analysis. RT data were entered into a mixed model ANOVA with emotion attention condition (emotional distractor, emotional target; all neutral) and type of emotion (fearful, angry, happy), as within-subjects factors and group (CP/HCU; CP/LCU; TD) as a between-subjects factor.
The ANOVA revealed a main effect of emotion attention condition [F (2, 92) = 13.04, p < 0.001, η 2 = 0.23; M = 1083, 1054, and 1033 ms, for emotional distractor, emotional target, and neutral conditions, respectively]. There was also a main effect of group [F (2, 46) = 6.29, p < 0.005, η 2 = 0.22] with TD children being fastest to respond overall (M = 963 ms), followed by CP/HCU (M = 1022 ms) and then CP/LCU (M = 1186 ms). There was no main effect of emotion type [F (2, 92) = 1.27, p = 0.29, η 2 = 0.03] and no interaction between emotion type and group [F (4, 92) = 0.53, p = 0.71, η 2 = 0.02]. However, there was a significant interaction between emotional attention condition and group [F (4, 92) = 4.89, p < 0.001, η 2 = 0.18]. This interaction reflected that while the TD and CP/LCU both showed a simple main effect of emotion attention condition [F (2, 32) = 12.43, p < 0.001, η 2 = 0.44] for the TD; CP/LCU group [F (2, 32) = 9.06, p < 0.001, η 2 = 0.36, with longest RT found in the Emotional distractor conditions, and shortest RT in the Neutral conditions, see Figure 2] , there was no effect of emotion attention condition on CP/HCU, F (2, 28) = 0.39, p = 0.68, η 2 = 0.03 (Figure 2) . There was no 3 way interaction [F (8, 184) = 1.56, p = 0.14, η 2 = 0.06].
To further examine for any potential effects of emotion type, an additional mixed model ANOVA was conducted on emotional scores calculated by subtracting the neutral condition RT from each of the emotion conditions (fearful target-neutral, fearful distractor-neutral and so forth for the angry and happy emotions) with the factors of emotion type, emotion attention conditions and group. This ANOVA revealed no main effect of emotion, and no 2-way or 3-way interactions with emotion (F < 1, in all comparisons). Error rates were very low and did not differ between emotional attention conditions (fearful: 4%; angry: 5%; happy: 6%), emotion type (emotional non-target: 6%; emotional target: 5%; all neutral: 5%) or group (CP/HCU: 4%; CP/LCU: 4%; TD: 6%), and there were no significant interactions (all Fs < 1). Thus, there was no evidence of speed-accuracy trade-off.
DISCUSSION
The findings of this study demonstrate clear differences in attentional capture by emotional faces between children with CP/HCU and children with CP/LCU. CP/HCU children showed no distraction by emotional faces, regardless of whether the emotional faces were targets or distractors. In contrast, CP/LCU were found not to differ from TD children in terms of emotional capture of either target or distractor faces. This suggests that whereas CP/LCU children's performance was disrupted by task-irrelevant emotional faces, CP/HCU children were able to ignore the emotional content of faces, regardless of whether they were targets or distractors (i.e., regardless of whether emotions appeared on those faces that participants judged the orientation of or on distractor faces). It is interesting to note that the specific type of emotional distractor or target did not affect attentional capture. Even when the "pure" effect of emotion was assessed, by using difference-scores (e.g. fearful-neutral) so as to remove the diluting contribution of the "all-neutral" RT in comparisons involving the emotion type variable, no effect of emotion type was found using this paradigm.
Our findings indicate that CP/HCU children are significantly different from both TD children and CP/LCU children in terms of distractibility by task irrelevant emotional faces. That these children show differential patterns of attentional capture by emotional faces suggests that there may be functional differences in their bottom-up processing of emotional information. Data from this study, in combination from earlier behavioral and neuroimaging work (Dadds et al., 2006 (Dadds et al., , 2008 Sylvers et al., 2011; White et al., 2012a,b) suggest that children with CP/HCU do not automatically process the salient aspects of emotional facial stimuli. One of the primary functions of salient features (such as those features of emotional faces that index the emotional state of another, something we might want to take notice of) is to automatically attract attention, i.e. facilitate an orienting response, so that they can receive "priority processing." Although we may be able to direct attention (top-down) to the vital features of these stimuli (e.g., eyes) and thus improve emotion recognition in children with CU traits (see Dadds et al., 2006 Dadds et al., , 2008 , this does not mean that the emotional processing of these children is intact. Data from the current study suggest that the typical "bottomup" grab of attention by emotion is absent in CP/HCU. Recent imaging findings in children with CP/HCU are also suggestive of there being a primary emotional, rather than attentional deficit in CP/HCU (White et al., 2012a,b) . These studies have found atypical amygdala activation to fear stimuli under low attentional load conditions; conditions during which fear stimuli typically elicits amygdala activation (White et al., 2012a) . Furthermore, attentional cueing by eye-gaze of a fearful face does not seem to elicit activation in the dorsal frontoparietal endogenous attention orienting network in children with CP/HCU, although this network is reliably activated in TD children under these conditions (White et al., 2012b) . In short, the behavioral consequence of a deficit in processing emotional stimuli would be reduced attentional orienting to such salient stimuli, but the current data are suggestive of a specifically emotional, rather than a general attentional deficit. Previous studies of CP/HCU have often implicated difficulties in recognizing and reacting to visual and auditory expressions of fear (Blair, 2013) . There is also suggestion that processing of some other emotions may be compromised in CP/HCU (e.g., Sylvers et al., 2011) , but substantially more research, particularly using paradigms such as attentional capture that are sensitive for indexing orienting to task-irrelevant emotional stimuli, is needed to clarify the extent and nature of emotional deficit in CP/HCU. A possible direction for future research would be to use a design that incorporates both measures of attentional capture by emotion and measures of emotion recognition.
It is interesting that all emotions used in the current task are relevant for shaping social exchanges that appear particularly affected in CP/HCU. Other people's distress indexes that we should learn to reign in the behavior that is causing distress. Other people's anger indicates their displeasure; that we should stop upsetting them or face the consequences. Other people's happiness can indicate social approval and affiliation. Both clinical lore and empirical data suggest that children with CP/HCU do not care about other people's distress, are less bothered and threatened by other people's displeasure and anger, and do not seek social approval and affiliation (e.g., Pardini et al., 2003) . Our findings that these emotions do not capture attention or disrupt task performance of children with CP/HCU may offer some explanatory power for the behavioral profile of children with CP/HCU. Some limitations and considerations should be noted. First, previous research on adults suggests that individuals with psychopathy (i.e. adults with antisocial behavior and CU) may be better able to ignore task-irrelevant information overall, irrespective of its emotional content, than their peers (e.g., Newman, 1997; Lorenz and Newman, 2002; Hiatt and Newman, 2006; Zeier et al., 2009; Newman et al., 2010; Baskin-Sommers et al., 2011) . However, as we did not include a "no distractor" condition we cannot assess this question in the current study. This should be an interesting avenue for investigations. Second, the use of a median split to delineate CP/HCU and CP/LCU is no doubt not the most sensitive method of capturing group differences. However, this should have made it more difficult for us to find group differences, yet clear group differences emerged. It would be of interest to use this paradigm with clinical populations in the future. Third, it is also important to note that children with CP/LCU were slower to locate the target on all types of trials (emotional non-target; emotional target; all neutral). Although it is not possible to confirm what exactly drives this pattern of findings, we hypothesize that the slow RTs in all conditions may be related to CP/LCU children's increased vigilance for potentially threatening information. Research has shown that CP/LCU can perceive neutral stimuli as threatening Dadds et al., 2006 ) and have problems with regulating their emotions and behavior (Frick and Viding, 2009) . It is therefore possible that even under a condition where CP/LCU are faced with only neutral faces, they find these faces disruptive and perform more slowly on the primary task of detecting head orientation of male faces. When the search arrays contain emotional faces, their performance is disrupted even further. Fourth, it should also be noted that although children with CP/LCU had higher levels of CU traits than TD children, they did not display a pattern of response that was somewhere in between that of CP/HCU and TD children. This warrants future investigation, but it is may be that the pattern seen in CP/HCU children is only evident when sufficiently high levels of CU traits are displayed. Finally, one should also note that both groups of children with CP had higher levels of ADHD symptoms than TD children. However, the CP/HCU and CP/LCU groups did not differ from each other in their level of ADHD symptoms and it is therefore unlikely that the divergent pattern of abnormal attention to emotion found in these two groups can be attributed to co-occurring ADHD symptoms.
The current study has demonstrated that CP/HCU children can be delineated from TD and CP/LCU children in terms of their processing of task-irrelevant emotional face expressions. These findings may imply that it could be helpful to train children with CP/HCU to orient to emotional facial expressions. By learning to employ either automatic or effortful strategies to compensate for their differential automatic emotional processing, it may be possible to have an effect on aggressive behavior.
